Conventionally, it was believed that Sertoli cells (SC) stopped proliferating at puberty and became terminally differentiated quiescent cells. However, recent studies have challenged that dogma. In this study, we transplanted nondividing SC isolated from 23-to 27-day-old postpubertal rats transduced with a recombinant adenoviral vector (containing furin-modified human proinsulin cDNA) into diabetic severe combined immunodeficiency mice. Immunostaining the grafts for cell proliferation markers, proliferating cell nuclear antigen (PCNA) and MKI67, revealed that transplanted SC within the grafts were proliferating. Possible causes for resumption of proliferation of SC could be viral transduction, cell isolation and culture, higher abdominal temperature at the transplant site, and/or transplantation. To test for these possible causes, double-immunofluorescence staining was performed for GATA4 (SC marker) and MKI67. None of the SC were positive for MKI67 in tissue collected during SC isolation and culture or at higher temperature. However, nontransduced SC stained positive for MKI67 after transplantation into rats, suggesting viral transduction was not a key factor for induction of SC proliferation. Interestingly, resumption in proliferative ability of nondividing SC was temporary, as SC stopped proliferating within 14 days of transplantation and did not proliferate thereafter. Quantification of 5-bromo-2 0 -deoxyuridine-labeled SC demonstrated that 7%-9% of the total transplanted SC were proliferating in the grafts. These data indicate for the first time that nondividing SC resumed proliferation after transplantation and further validate previous findings that SC are not terminally differentiated. Hence, transplantation of SC could provide a useful model with which to study the regulation of SC proliferation in vivo.
INTRODUCTION
Sertoli cells (SC) are somatic cells that line the seminiferous tubules in the testis [1] , where they provide the appropriate milieu for germ cell development and play a major role in testis immune privilege [2, 3] . The current dogma holds that SC from postpubertal testes are terminally differentiated, because they stop proliferating and mature when the males attain puberty [4] [5] [6] . However, it has been recently suggested that mature, nondividing SC can be reprogrammed to proliferate, whereby they acquire an immature and dedifferentiated state [4, 7, 8] . For instance, transfection of postmitotic SC isolated from 20-and 60-day-old rats, with the helix-loop-helix inhibitors of differentiation (ID)1 and ID2, caused mature SC to re-enter the cell cycle and undergo proliferation [4] .
The immune privilege properties of SC have been used by the transplantation field, where SC have been shown to possess long-term survival after allogeneic and xenogeneic transplantation [2] . Moreover, genetically engineered SC, expressing various therapeutic proteins, can be used as a vehicle for cellbased gene therapy, as they remain immune privileged after being genetically altered [9] . In our previous study [10] , neonatal porcine SC and pubertal mouse SC were engineered to express insulin by using a recombinant adenoviral vector containing furin-modified human proinsulin cDNA at levels capable of normalizing blood glucose levels (BGL) in diabetic severe combined immunodeficiency (SCID) mice. However, SC were isolated from prepubertal pigs and mice, which contained proliferating SC, and the adenovirus, being epichromosomal, was expelled from the proliferating cells, causing a transient expression of insulin. In a separate study, Shifrin et al. [11] injected the pancreas of diabetic SCID mice with a recombinant adenoviral vector containing the same proinsulin cDNA construct used in our study. This led to the transduction of pancreatic acinar cells that caused prolonged lowering of BGL in diabetic SCID mice for at least 49 days [11] . Acinar cells have limited proliferative ability [12] , suggesting this prevented the loss of the adenoviral vector, resulting in prolonged lowering of BGL in the above-mentioned study. Therefore, we reasoned if mature, postpubertal, nondividing SC were used for viral transduction, it would result in longterm expression of insulin.
In rats, SC proliferate maximally at prenatal Day 20, the proliferation then declines, and they stop proliferating and mature at postnatal Days 15-16 when rats attain puberty [4-6, 13, 14] . In the current study, SC isolated from 23-to 27-dayold Lewis rats (which contain postpubertal nondividing SC) were transduced with recombinant adenoviral vector containing furin-modified human proinsulin cDNA. Nonetheless, it was surprising to observe a transient insulin expression and lowering of BGL in diabetic SCID mice. Upon further examination of the grafts, we observed a reinitiation of SC proliferation. Several factors or variables could have reinitiated proliferation in postpubertal SC, for example, by 1) genetic modification (such as adenoviral transduction); 2) isolation and culture; 3) higher temperature at the graft site (normally SC are at 328C À338C in the scrotal position); and/or 4) transplantation at an ectopic site (within the renal subcapsular space). The contribution of each of these variables was examined, and the results indicated that the return to proliferative abilities of nondividing SC occurred only after transplantation. However, this reinitiation of proliferation was temporary, and the SC stopped proliferating within 2 weeks after syngeneic or allogeneic transplantation. These data further support the fact that postpubertal SC are not terminally differentiated.
MATERIALS AND METHODS

Animals
Male Lewis rats, 23-27 days old (Charles River Laboratories), were used as SC donors. Diabetic male SCID mice, 6-8 weeks old (Taconic Farms) were used as recipients for transplantation of transduced SC. At 1 week before transplantation, SCID mice were given an injection of streptozotocin (275 mg/ kg of body weight; Sigma Chemical Co.) intraperitoneally to induce diabetes. Mice with nonfasting BGL of .18 mM were used as recipients. To monitor the BGL, blood was obtained from the tail vein of nonfasted mice for glucose assay (OneTouch Ultra; LifeScan). Male non-obese diabetic (NOD) SCID gamma (NSG) mice (Texas Tech University Health Sciences Center), and male Lewis and Wistar Furth rats (Harlan-Sprague Dawley, Inc.), 6-8 weeks old, were used as recipients for the nontransduced SC. All animals were cared for and maintained in accordance with Canadian Council of Animal Care or Institute for Laboratory Animal Research Care and Use of Laboratory Animals and Texas Tech University Health Sciences Center Institutional Animal Care and Use Committee, approved protocols and guidelines of the National Institutes of Health.
Isolation of Sertoli Cells and Tissue Collection
SC were isolated from 23-to 27-day-old Lewis rat testes. Testes were aseptically removed, decapsulated, and chopped using fine scissors into 1-to 2-mm fragments in Hanks balanced salt solution. Tissue was digested with 1 mg/ ml of sterile type IV collagenase (Sigma), followed by trypsin, 0.25% (v/v) (Roche), and DNase I, 800 U/ml (Roche), to remove contaminating cells. Digested cells were filtered through a 500-lm-pore mesh. SC were pelleted and cultured in Hams F10 medium (supplemented with 10 mM D-glucose, 2 mM Lglutamine, 50 lM isobutylmethylxanthine, 0.5% bovine serum albumin [w/v], 10 mM nicotinamide, 100 U/ml penicillin, and 100 U/ml streptomycin) with 10% fetal bovine serum (FBS) (v/v). Seminiferous tubules (n ¼ 3 isolations) collected during the SC isolation process, before and after collagenase digestion, and aggregated SC (cultured for 2 days on non-tissue-culture-treated dishes) were processed for immunohistochemistry by fixing the tissue in Z-Fix (Anatech Ltd.), paraffin embedding, and cutting sections into 5-lm-thick slices.
Transduction of Sertoli Cells with Recombinant Adenoviral Vector
Freshly isolated SC were cultured overnight as a monolayer on tissue culture-treated plates with Hams F10 medium containing supplements plus 10% FBS. The next day, SC were transduced with the recombinant adenoviral vector containing furin-modified human proinsulin cDNA under the control of the cytomegalovirus (CMV) promoter (AdCMVhInsM), at a multiplicity of infection (MOI) of 100, which was determined in our previous study to be optimal for expression of insulin [10] . The expression of insulin was confirmed by immunostaining transduced SC cultured on a chamber slide with guinea pig polyclonal anti-human insulin antibody (DAKO) prior to transplantation, as described previously [10] .
Transplantation and Graft Collection
For transplantation, SC that had been transduced with AdCMVhInsM were cultured for an additional 24 h with Hams F10 medium containing supplements plus 10% FBS on non-tissue-culture-treated dishes to form aggregates. For syngeneic and allogeneic transplants, freshly isolated SC from 23-to 27-dayold Lewis rats were cultured for 48 h to form aggregates. At the time of transplantation, the number of SC was determined using a double-stranded DNA quantification assay (PicoGreen; Invitrogen) as described previously [10] .
Transplantation of transduced Sertoli cells. Aggregated SC (5-20 million) were aspirated and pelleted by centrifugation into polyethylene (PE-50) tubing and transplanted underneath the left kidney capsule between the kidney tissue and the kidney capsule (within the renal subcapsular space) of diabetic SCID mice anesthetized by isoflurane inhalation (n ¼ 3). BGL were monitored, and grafts were collected from diabetic SCID mice for histological analysis when their BGL returned to the diabetic state (at least 2 readings above 20 mM), at 11 (n ¼ 2) and 20 (n ¼ 1) days post-transplantation.
Transplantation of syngeneic and allogeneic Sertoli cells. Eleven million aggregated SC were transplanted underneath the left kidney capsule, as described above, of Lewis or Wistar Furth rats as syngeneic or allogeneic transplants, respectively. Graft-bearing kidneys were collected between Days 5 and 55 post-transplantation (Table 1 ) fixed in Z-Fix (Anatech) and paraffin embedded, to be processed for immunohistochemistry.
In Vivo Labeling of Proliferating SC with 5-Bromo-2 0 -deoxyuridine NSG mice and Lewis rats received transplants of 11 million SC isolated from 23-to 27-day-old Lewis rats, as described above. For 5-bromo-2 0 -deoxyuridine (BrdU) labeling, a single intraperitoneal injection of BrdU (Sigma Chemicals Co.) was given to the animals (mice received 2 mg/kg, dissolved in 0.9% [w/v] sterile saline; and rats received 100 mg/kg) immediately after transplantation [15, 16] . Animals received a single intraperitoneal injection of BrdU (mice, 1 mg/kg; rats, 100 mg/kg) daily for 10 days. As a control, NSG mice and Lewis rats were injected intraperitoneally with sterile saline. At Day 10 post-transplantation, graft-bearing kidneys were collected and processed for immunohistochemistry as described above ( Table 2 ). The spleen, testis, and intestine were collected as positive and negative controls. Cells within the spleen and intestine and germ cells within the testis were positive for BrdU.
After immunostaining for BrdU (Rockland Immunochemicals, Inc.) and Wilms tumor 1 (WT1; DAKO), as described below, the total numbers of BrdU-WT1-double-positive and WT1-positive SC per tissue section were counted. The total percentage of BrdU-labeled SC within the grafts, present outside the tubules and present within the tubules, were obtained by dividing the doublepositive SC by the respective WT1-positive SC values.
Immunohistochemistry
Tissue sections were immunostained with guinea pig polyclonal anti-human insulin (1:1000 dilution), mouse monoclonal anti-vimentin (1:100 dilution; DAKO), mouse monoclonal anti-WT1 (1:50 dilution), rabbit polyclonal anti-GATA4 (1:50 dilution; Santa Cruz Biotechnology), mouse monoclonal anti-rat proliferating cell nuclear antigen (PCNA; 1:100 dilution; DAKO), mouse monoclonal anti-human MKI67 (1:10 dilution; BD Pharmingen) or rabbit polyclonal anti-BrdU (1:500 dilution) primary antibodies. The appropriate biotinylated secondary antibodies and Avidin-Biotin Complex-enzyme complex (Vector Laboratories) with diaminobenzidine (DAB; Biogenex) as chromogen were used to detect primary antibodies. For double-immunostaining to detect GATA4 and PCNA or MKI67, Alexa Fluor 488-labeled anti-rabbit (1:400 dilution; Invitrogen) and Alexa Fluor 594-labeled anti-mouse (1:400 dilution; Invitrogen) secondary antibodies were used. To detect BrdU-labeled [7, 10, 14, 17, 18] . The vimentin antibody does not cross-react with mouse vimentin and was used to detect transplanted rat SC. PCNA [19] and MKI67 [20] are standard markers used to identify proliferating cells.
Statistics
Data are represented as means 6 SEM. The significance of differences was calculated by Student t-test, using StatView version 5.0 software (SAS Institute Inc.). A P value of ,0.05 was considered significant.
RESULTS
Transplantation of Insulin-Expressing Sertoli Cells
Previously we demonstrated that transplantation of insulinexpressing, prepubertal, proliferating SC lowered BGL transiently [10] . It has been shown that transduction of acinar cells (which have limited proliferative ability) with recombinant adenoviral vector containing the same proinsulin cDNA construct used in our study prolonged expression of insulin and lowered BGL on a long-term basis [11] . Therefore, we reasoned that use of ''mature, nonproliferating'' SC isolated from postpubertal rats would lead to long-term insulin expression and normalization of BGL. For this study, SC isolated from 23-to 27-day-old Lewis rats were transduced with adenoviral vector and transplanted under the kidney capsules of diabetic SCID mice. This age was chosen to ensure that the SC were not proliferating and to decrease germ cell contamination in the SC preparation. The nonproliferative state of these SC was confirmed by performing double-immunostaining for GATA4 and PCNA (Fig. 1, A and B ). There was a significant decrease in BGL to 5.2 6 1.5 mM, which is well within the normal blood glucose range (Fig. 2) . However, contrary to what was expected, the decrease was transient and the mice returned to the diabetic state (.20 mM) within 11 days post-transplantation. To determine the cause of the increase in BGL, graft-bearing kidneys were collected after the BGL reverted to the diabetic state. Immunostaining the grafts for vimentin and insulin revealed that very few SC continued to express insulin (Fig. 3 , B and C), even though prior to transplantation most of the SC were positive for insulin (Fig. 3A) .
Proliferation of Transplanted Sertoli Cells
In our previous study the major reason for loss of insulin expression was the proliferative nature of prepubertal SC. Hence, one possible reason for the loss of insulin expression is that the nondividing SC may have resumed proliferation. To test this, we immunostained serial sections of the grafts for vimentin and PCNA. Surprisingly, a subset of the vimentinpositive SC also appeared positive for PCNA (Fig. 3, C and D) , indicating that the SC that were amitotic prior to transplantation had resumed proliferation after transplantation. To confirm these surprising results, we immunostained grafts by using WT1 (nuclear antigen) as the marker for SC and MKI67 as the marker for proliferation (Fig. 3, E and F) [19] [20] [21] . Additionally, double-immunostaining for GATA4 and either PCNA or MKI67 were performed (Fig. 4, A-F ). SC were positive for both PCNA and MKI67, although because MKI67 has a shorter half life, 90 min compared to 3 days for PCNA, fewer of the SC expressed MKI67 (Figs. 3, C-F, and 4) .
Analysis of Proliferation of Sertoli Cells During Cell Isolation and Culture
In the case of rats, the SC stop dividing by 15-16 days of age and do not proliferate thereafter. Hence, we did not expect to see amitotic SC undergoing proliferation in the grafts. This return of proliferation of SC could have been caused by several variables, for example, by 1) isolation and culture; 2) higher temperature at the graft site (normally SC are at 328C-338C in the scrotal position); 3) adenoviral transduction of the SC; and/ or 4) transplantation to an ectopic site. To determine the reason behind the return of SC proliferation, all of the abovementioned variables were examined by immunostaining the tissue for GATA4 and MKI67. While the germ cells were proliferating, none of the SC in tubules before or after collagenase digestion were positive for cell proliferation (Fig.   FIG. 1 . SC in 23-to 27-day-old Lewis rat testes were not proliferating. Testes were collected from 23-to 27-day-old Lewis rats, fixed in Z-Fix, and paraffin embedded. Tissue sections were immunostained for the SC marker GATA4 (green, A and B) and cell proliferation marker PCNA (red, A and B). B is the higher magnification of A. (A) Inset shows negative control for GATA4 and PCNA immunostaining.
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5, A-C, data not shown). Hence, the nondividing SC did not resume proliferation during the cell isolation process. Also, we did not observe proliferation of aggregated SC after 2 days of culture, which was performed at 378C (Fig. 5, D-F) . Therefore, short-term cell culture as aggregates and the higher temperature, such as at the kidney graft site (378C), can be ruled out as a likely causes for proliferation of SC.
Proliferation of Sertoli Cells Post-Transplantation
To test whether the viral transduction of SC or the transplantation caused the proliferation of SC at the graft site, nontransduced aggregated SC from 23-to 27-day-old Lewis rats were transplanted as syngeneic or allogeneic grafts. Graftbearing kidneys were collected at various time points between Days 5 and 55 post-transplantation, and tissue sections were immunostained for GATA4 and MKI67. Interestingly, both syngeneic and allogeneic transplanted SC were positive for MKI67 at Days 5 and 10 post-transplantation (Fig. 6, C and F) . However, none of the SC were positive for MKI67 at Days 14, 19, and 55 post-transplantation (Fig. 6, I and L, data not shown). These data suggested that nondividing SC resumed proliferation after transplantation. However this return of proliferative ability to SC was short-lived, as they stopped proliferating within 14 days.
Additionally, nontransduced aggregated SC from 23-to 27-day-old Lewis rats were transplanted into NSG or Lewis rats that received daily injections of BrdU or saline. After 10 days, graft-bearing kidneys were collected and double-immunostained for WT1 and BrdU. Consistent with the previous results, grafts obtained from BrdU-treated recipients contained proliferating SC (Fig. 7) , whereas all cells within the saline controls were negative for BrdU immunostaining (data not shown). Quantification of BrdU-positive SC within the grafts revealed that 7% and 9% of the total transplanted SC were proliferating in immune-compromised (NSG mice) and syngeneic (Lewis rats) recipients, respectively (Table 3 , Fig. 7 , A-D). Interestingly, the percentage of BrdU-positive SC within the tubules was lower (mice, 1%; rats, 3%) than the SC present outside the tubules (mice, 6%; rats, 6%) ( Table 3) . SC within the testis of the BrdU-treated mice and rats were negative for BrdU, whereas germ cells within the testis were positive for BrdU (data not shown).
DISCUSSION
The initial goal of this study was to transplant postpubertal nondividing rat SC that had been engineered to produce insulin to achieve long-term lowering of BGL in diabetic SCID mice. This idea stems from a study by Shifrin et al. [11] , in which the adenoviral vector carrying the same proinsulin cDNA construct used in our study was injected into the pancreases of diabetic mice. Insulin expression was detected mostly in pancreatic acinar cells, and BGL were lowered throughout the study (at least 49 days) [11] . Furthermore, adenovirus carrying the Kitlg gene was injected into the adult infertile mouse testis to transduce SC. Restoration of partial spermatogenesis was observed in injected testes, when examined at 6 and 10 weeks, indicating SC in the adult testis could be stably transduced with adenovirus to express the KITLG factor [22] . In the current study, although the SC initially normalized BGL, contrary to what was expected, the mice returned to the diabetic state within 11 days of transplantation. Immunohistochemical analysis of the grafts demonstrated that loss of insulin expression had caused the increase in BGL as SC were still present in the grafts.
The dogma is that SC stop dividing as rats attain puberty, and there onward, they become a stable population of cells that do not proliferate and are considered terminally differentiated [4, 6, 7] . However, recent studies have challenged that dogma and suggested that mature nondividing SC have the capacity to alter their state of maturation and undergo cell division under certain conditions [4, 7] . In the present study, insulinexpressing nondividing rat SC failed to lower BGL long-term, giving results similar to those in our previous study using immature proliferating SC [10] . Therefore, it seemed plausible to test whether there was an alteration in the ability of 
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nondividing rat SC to proliferate after transplantation. Analysis of grafts indicated that SC within the grafts were positive for PCNA and MKI67. However BrdU labeling over a 10-day period revealed that only a small percentage (7%-9%) of the total transplanted SC were proliferating, suggesting that SC proliferation was not solely responsible for the loss of insulin expression. Instead, there are other possible mechanisms for transient expression of adenovirus-delivered transgenes, for example silencing of the CMV promoter [23] .
Nonetheless, the observed return of proliferative ability of a small percentage of nondividing SC at the graft site was interesting. This was not due to the cell isolation procedure, cell culture, or temperature, as none of the SC were positive for proliferation during cell isolation or after culture as aggregates for 2 days at 378C, which is consistent with the observation that SC in tubules isolated from rats older than 16 days (postpubertal) did not proliferate in organ cultures [6] . This is further supported by the lack of proliferation of in vitrocultured SC isolated from 20-and 60-day-old rats as reported in a recent study [4] , although it was demonstrated recently that adult SC isolated from mouse or human testis were capable of resuming proliferation after culture as monolayers under normal conditions [6] . Ten percent of isolated SC resumed proliferation when cultured for 3 days, and this number increased to 36% at 20 days. However, SC cultured for 15 h showed no proliferation [7] . The discrepancy between these studies could be explained by differences in SC culturing conditions and the choice of the chemical used to label the proliferating cells. In the study by Steinberger and Steinberger [6] , the proliferation of SC was detected by incorporation of [ 6] . Furthermore, [ 3 H]thymidine is less sensitive (low signal to noise ratio) than BrdU labeling, which could have masked the detection of a low number of labeled SC [5] [6] [7] . Moreover, Ahmed et al. [7] observed an increase in SC proliferation over time that was maximal after 20 days of culture and correlated with a decrease in the cell cycle inhibitor CDKN1B.
Genetic manipulation of SC, such as transfection with the ID1 and ID2 expression plasmids, can initiate proliferation of nondividing SC [4] . Moreover, insulin by itself has been reported to induce cell proliferation when added to culture medium [24] . Thus, to determine whether genetic alteration with a viral vector containing proinsulin cDNA caused the reinitiation of SC proliferation, we transplanted nontransduced SC as syngeneic and allogeneic grafts. SC proliferation was observed at Days 5 and 10 post-transplantation, was stopped by Day 14 (data not shown) in both the syngeneic and allogeneic grafts, and did not proliferate thereafter. In addition, in vivo labeling of transplanted SC with BrdU demonstrated that 7% and 9% of the total transplanted SC resumed proliferation in immune-compromised and syngeneic recipients, respectively. This is a novel observation that has not been reported in vivo in naïve animals. The fact that SC were proliferating posttransplantation without viral transduction or insulin expression does not mean that both of these factors do not enhance proliferation of transplanted SC. However, it does indicate that viral transduction and insulin expression were not solely responsible for the proliferation of SC observed in our study.
Cell-cell junctions (gap junctions and tight junctions) are not only sites of attachment between cells but are critical for regulation of cell proliferation and differentiation [8] . Mice with the SC-specific knockout of gap junction protein connexin-43 (GJA1) demonstrated that GJA1 is important in controlling SC proliferation and maturation, as in the absence of GJA1, the SC continued to proliferate for as long as 60 days, compared to SC in wild-type controls that stopped proliferating within 2 weeks of age [25] . Loss of GJA1 from SC was associated with dysregulation in the levels of tight junction and adherence junction proteins such as N-cadherin, beta-catenin, occludin, and zonadhesin-1 [26] , further demonstrating that GJA1 is a major regulator of SC development. In the case of our study, the SC were cultured as aggregates and, hence, still likely had intact tight junctions as shown by Korbutt et al. [27] , which could be one of the reasons we did not observe proliferation of SC after culture. Interestingly, after transplantation, the percentage of BrdU-positive SC within the tubules was lower than SC that were randomly present in the graft (outside the tubules), further suggesting that communication between adjacent SC in testis through cell-cell junctions could be important for the nonproliferative state of testicular SC.
SC proliferation and maturation process is controlled by a complex and timely regulated multitude of hormones such as follicle-stimulating hormone (FSH), thyroid hormone, and activin A [8, 28] . In rats, FSH supports SC proliferation during early postnatal life, whereas its role in cessation of SC proliferation after birth is not well studied [29] . Activin A has been shown to regulate SC growth and differentiation in developing testis. Treatment of 20-day-old rat SC with activin led to disruption of SC tight junctions and initiation of SC proliferation [30] , thus demonstrating activin A is capable of reprogramming differentiated SC in vitro. Interestingly, this effect was not observed in vivo in 6-to 8-week-old mice despite a 4-fold increase in activin A and disruption in tight junctions and gap junctions, which further suggests that SC from an adult source rather than a prepuberty-aged source could be more stable and less likely to reinitiate proliferation. Thyroid hormone acts as a negative regulator of SC proliferation. For instance, hypothyroidism induced by 6-propyl-2-thiouracil retarded morphological differentiation of SC and prolonged their proliferation [31, 32] . Conversely when rats or mice were treated with thyroid hormone (triiodothyronine), the SC stop proliferating at an earlier age than in controls [32, 33] , suggesting thyroid hormone is important for SC differentiation. In our study, the level of these hormones was not measured. However, transplanted SC were no longer in their normal hormonal environment, and this hormonal imbalance could be a reason for reinitiation of SC proliferation.
Besides disruption of normal hormonal environment, inflammation at the graft site could also be a potent stimulator of SC proliferation. SC produce and secrete the proinflammatory cytokine interleukin 1a, which induces proliferation of SC isolated from prepubertal rats [34] . Studies using SC in in vitro culture systems from prepubertal rats have shown that tumor necrosis factor-a and lipopolysaccharide can induce proliferation of SC [35] . Interleukin 6, another proinflammatory cytokine, cannot induce proliferation on its own; however, in combination with FSH, it stimulated proliferation of SC isolated from 8-to 9-day-old rats [35] . In addition to these proinflammatory cytokines, inflammation also can upregulate activin A production by SC [36, 37] , which as discussed previously, can lead to SC proliferation. Because the proinflammatory cytokine levels were not measured in the transplanted rodents, we cannot strongly comment on their role in induction of proliferation in our model. Nonetheless, transplantation is an invasive procedure and would cause inflammation, which in turn, could induce proliferation of SC. This is the first in vivo model showing reinitiation of SC proliferation in naïve animals, although at this point the mechanism(s) that triggers reinitiation of SC proliferation after transplantation is not known and requires further study. This model could be used to study the mechanisms involved in SC proliferation and differentiation.
